Effects of angiopoietin-1 on vascular endothelial growth factor-induced angiogenesis in the mouse brain.
A better understanding of angiogenic factors and their effects on angiogenesis in brain is necessary to treat cerebral vascular disorders such as ischemic brain injury. Vascular endothelial growth factor (VEGF) induces angiogenesis and increases blood-brain barrier (BBB) permeability in adult mouse brain. The effect of angiopoietin-1 on BBB leakage during the angiogenesis process is unclear. We sought to identify the effects of combining VEGF with angiopoietin-1 on cerebral angiogenesis and BBB. Adult male CD-1 mice underwent AdFc (adenoviral vector control), AdAng-1, VEGF protein, VEGF protein plus AdAng-1, or saline (negative control) injection. Brain microvessels were counted using lectin staining on tissue sections after 2 weeks of adenoviral gene transfer. The presence of zonula occludens-1 (ZO-1) was determined by Western blot analysis and immunohistochemistry. Microvessel count and augmented capillary diameter increased in mice treated with either VEGF protein or AdAng-1 plus VEGF protein compared to saline, AdFc, or AdAng-1 alone (p < 0.05). Double-labeled immunostaining demonstrated that ZO-1-positive staining was more complete on the microvessel wall in the AdAng-1 and AdAng-1 plus VEGF protein treated group compared to VEGF protein group. The results of ZO-1 expression from Western blot analysis paralleled that from immunohistochemistry (p < 0.05). We conclude that focal VEGF and angiopoietin-1 hyperstimulation in mouse brain increases microvessel density while maintaining ZO-1 protein expression, suggesting that angiopoietin-1 plays a role in synergistically inducing angiogenesis and BBB integrity.